1970s (6) . A summary of the revised criteria for diagnosis (7) is shown in Table 1 . It is often believed that purging is required in order for a patient to be diagnosed with bulimia nervosa; however, nonpurging mechanisms are also used to compensate for overindulgence and are part of the diagnostic criteria (7) . External symptoms are limited, and, consequently, bulimia nervosa is often extremely difficult to diagnose (Table 2) . Bulimic behaviours are secretive, and diagnosis is usually made through self-reporting (5) or by health care professionals who are trained in identifying the external symptoms (6) .
The prevalence of bulimia nervosa is increasing (6) . However, it is unclear whether this is a true increase or whether more cases are being reported. Although anorexia nervosa has been studied more extensively, bulimia nervosa is more common (6) . The condition affects an estimated 3% to 5% of young women (8) (9) (10) . Bulimia nervosa was once believed to be solely a women's disease, but men have been reported with the disorder (6) . Bulimia nervosa has a later age of onset than anorexia nervosa, commonly occurring between ages 15 and 25 years (3). The highest prevalence of bulimia nervosa is found among university-and college-aged women (5) . Individuals who fail to lose weight by conventional means may resort to bulimic behaviour (3, 5) .
Theories of the etiology of bulimia nervosa include psychosocial, biological and biopsychosocial models, and no single model is universally accepted (5) . Instead, bulimia nervosa is believed to develop from an interaction of predisposing factors and causes. The association of slimness with beauty that is accepted in industrialized societies has created an environment for the manifestation of the syndrome among predisposed individuals (5) . As many as 90% of women find fault with some aspect of their body and approximately 70% of all women are preoccupied with their weight (8) (9) (10) . Predisposing factors for eating disorders include a history of depression, distorted body perceptions, lack of self-esteem, compulsive behaviours and preoccupation with food (1) . Family pressures and certain personality traits may also play an important role (5) .
Bulimia nervosa can cause serious medical complications and may become fatal. Frequently reported medical problems include dental erosion, electrolyte imbalances resulting in metabolic alkalosis, hypochloremia, parotid gland swelling and several gastrointestinal complaints (4) . Complications such as esophageal strictures, pancreatic enlargement, acute gastric dilation and gastric necrosis have been linked to bulimia nervosa (4) . Patients often report symptoms of abdominal pain, bloating, early satiety associated with postprandial fullness, heartburn, diarrhea and constipation (4) . The discovery of these symptoms, along with finger calluses (Russell's sign) caused by self-induced vomiting, should alert the health care professional to the possibility of bulimia nervosa (6) . This paper reviews the physiological effects on the gastrointestinal tract of repeated acute intakes of large amounts of food accompanied by compensatory behaviours. The entire gastrointestinal system from the mouth, and associated parotid glands, to the large bowel are discussed. Changes in both structure and function of many areas of the gastrointestinal tract are addressed. The identification of physiological changes are important factors in the diagnosis of a disease that is frequently missed.
ORAL CAVITY Taste perception:
Gustatory impairment is associated with the abnormal eating behaviour characteristic of bulimia nervosa (11) . Jirik-Babb and Katz (11) tested the perception of taste quality and intensity by using four different log molar concentrations of sucrose, hydrochloric acid, sodium chloride and quinine hydrochloride. Their results showed significantly lower magnitude estimates of the three higher con- centrations of the hydrochloric acid solution, the two higher concentrations of the sucrose and sodium chloride solutions, and the highest concentration of the quinine hydrochloride solution in subjects with bulimia nervosa compared with controls. Impaired gustatory sensitivity is not believed to be caused by low body weight because individuals with bulimia nervosa are generally within their normal weight range. Jirik-Babb and Katz (11) suggested that malnutrition could be a confounding factor as a result of abnormal eating patterns, unusual food choices and frequent vomiting.
Poor taste sensitivity has also been associated with the development of trace metal deficiencies (11) , in particular the functional availability of zinc (12) . Trace metal deficiencies consequent to malnutrition develop over time; therefore individuals with a long history of bulimia nervosa have a high risk of developing impaired gustatory sensitivity. Amylase levels: Alpha-amylase, an exocrine secretory protein (13) , is synthesized and excreted by the pancreas and salivary glands (3) . It is involved in the initial phase of digestion and is responsible for the splitting of 1,4-glycosidic bonds of complex carbohydrate (3, 14) . Increased amylase secretion and salivary gland enlargement are characteristic of bulimia nervosa. The potential physiological mechanisms are autonomic, endocrine or mechanical in nature (14) . Elevated serum amylase levels have been reported in 25% to 60% of individuals with bulimia nervosa (14, 15) . The causative factor is unknown, and it is unclear whether bingeing, vomiting or both are necessary for the rise in serum amylase (15) .
It was initially reported that both the pancreatic and salivary isoenzymes contribute to the elevated total serum amylase (16) . However, it is now believed to be caused only by elevated salivary amylase secreted by the parotid, submandibular and sublingual glands (14, 17) . Consumption of large amounts of carbohydrate-containing food may be a contributing factor (3, 16) . Levitt et al (18) speculated that elevated levels of serum amylase result from reduced clearance of the enzyme rather than increased production.
The frequency of bingeing and vomiting has been significantly correlated to higher levels of salivary amylase, a clinical indicator of enlargement of the parotid gland (4, 14, (18) (19) (20) . However, other researchers did not find a significant difference in the levels of salivary amylase in patients with bulimia nervosa versus controls (3, 16) .
The functions of the pancreas and the parotid gland are closely related, and injury to one may cause changes to occur in the other (4, 16, 21) . In addition, humoral transmission may be involved in the interaction between the pancreas and parotid gland (16, 22) . Pancreatic involvement should be determined first by measuring serum pancreatic isoamylase or lipase activity. Normal serum lipase activity confirms the salivary origin of hyperamylasemia and further diagnostic tests of the pancreas are not required. Kaplan (4) suggests taking a history with questions relating to weight change, eating behaviour, body image, methods of weight control and purging, as well as a psychological status examination. This information could prevent unnecessary procedures, drug prescriptions, hospitalizations and iatrogenic illnesses. Increased serum amylase levels should alert physicians to a possible diagnosis of bulimia nervosa, particularly in young women, and it may be useful in monitoring the degree of patient compliance to therapeutic programs (16, 20) . A serum amylase level of 75 U/L or greater (normal range 25 to 115 U/L) provides a clue related to binge-purge activity, especially if parotid enlargement and electrolyte abnormalities are apparent (15) . However, others have questioned the variability in this laboratory technique (14, 18, 20) . Parotid gland: Binge-purge behaviour may cause bilateral or unilateral enlargement of the parotid gland and occasionally of the submandibular salivary glands. Some studies suggest that parotid enlargement is intermittent and painless (3, 4, 19, 21) ; however, others have proposed that parotid swelling is irreversible (23) and painful (23) (24) (25) (26) . Biopsies of the enlarged parotid gland have shown an increase in acinar size due to an increased number of secretory granules, fatty infiltration and fibrosis without inflammation (3, 27) . Other pathological studies have failed to demonstrate any significant differences in the glands, and the biopsies have been found to be benign (21) and consistent with normal parotid tissue (23) . Possible explanations for enlarged parotid glands include nutritional deficiencies (25, (27) (28) (29) , excessive starch consumption (30), refeeding after starvation (31) and neural reflex and functional hypertrophy associated with repeated episodes of binge eating (28) . Other possibilities include diabetes (32), irritation of the opening and the lining of the salivary gland ducts by gastric juices and indirect humoral effect on the glands caused by abrupt stimulation of the pancreas due to vacillations between fasting and binging (3).
Kaplan and associates (26) reported a 41-year-old Caucasian female who had a two-year history of bulimia nervosa. She was admitted to hospital with chronic inflammation in the buccal space. The area, traumatized by persistent vomiting, was inflamed around Stenson's duct. Inflammation caused impaired parotid gland drainage, increased facial swelling and tenderness. Rehydration and intravenous antibiotic therapy did not reduce the inflammation. Therefore, surgical excision was performed to exclude malignancy and improve drainage from the parotid gland. This is only one of the few cases of parotid swelling associated with pain (26) . In another case of chronic bulimia, both parotid glands were surgically removed (23) . Burke (23) concluded that parotid swelling may be reversed in its early stage if eating patterns return to normal. However, over time, glandular changes reach a point where they become permanent, even if a normal diet is resumed.
Parotid enlargement is a useful indicator in diagnosing and monitoring bulimia nervosa and it may eliminate unnecessary tests (14, 21) . Physicians should question patients about their eating behaviour if parotid swelling is unexplainable (21, 26) . Parotid hypertrophy may also occur in response to trophic stimuli released by the pancreas responding to stimuli or injury (33) ; therefore pancreatic pathology should be considered. Response prevention, cognitive, behavioural and group intervention, and antidepressant pharmacother-apy are current treatments used if swelling has not reached the irreversible stage (14, 23) . Surgery is recommended only if parotid swelling is irreversible and is associated with chronic discomfort (23) . Oral pathology: Because bulimia nervosa is a very secretive disease and it lacks specific symptoms and physical signs, oral pathology plays an important role in its diagnosis. It is recognized that these pathologies can provide the vital link between the patient and medical intervention (34) . Changes to dentition and the oral cavity, resulting from prolonged starvation and chronic vomiting, are also often irreversible (35) .
The effect of bulimia nervosa on the oral soft and hard tissues depends primarily on the cariogenicity of the diet and the duration and frequency of bingeing and purging (3). The regurgitated, highly acidic gastric contents erode the enamel of the teeth (36) , exposing the underlying dentin, producing acute contact and thermal hypersensitivity (3). The most frequently reported oral pathology in bulimia nervosa is the erosion of tooth enamel (78%) (19, 34, (37) (38) (39) . Typically, the lingual surfaces of the maxillary anterior teeth are eroded (34, 37, 40) . However, other areas of erosion may include lingual and occlusal surfaces of the maxillary posterior teeth and the lingual surfaces of the mandibular anterior teeth (34) .
Additional oral pathologies that may be detected in patients with bulimia nervosa are dental caries (78%) (34, 39) , dentin hypersensitivity (68%) (34, 37) or parotid dysfunction with concurrent xerostomia (50%) (34, 41) . Gingival inflammation and periodontal disease occur less frequently and are not believed to be associated with bulimia nervosa (19, 34, 42) .
Dehydration of the periodontal tissues and mucous membranes results from loss of fluids and the protective properties of saliva (3) . Salivary functions are reduced as a result of the wasting and dehydration effect caused by starvation (19) . The quantity and composition of saliva is affected, causing an electrolyte imbalance (19) . This further lowers the buffering and remineralizing capacity of the saliva, making the teeth more susceptible to acid. Vomiting also causes a sustained decrease in pH and contributes to increased dental erosions and caries (19, 43, 44) . Low pH may also encourage growth of aciduric caries-causing bacteria which has been associated with an increased incidence of tooth decay (43, 45) . There are insufficient data to show a direct effect of an altered dietary intake on the level of bacteria (46); however, Bowen and Birkhead (47) showed a relationship between dietary carbohydrate intake and dental decay.
Bulimia nervosa should be suspected as a predisposing factor if a patient has increased caries (four lesions or more), enamel erosion and presence of other associated oral pathologies, with other diseases or conditions ruled out (19, 34) . Bulimia nervosa must be seriously considered if parotid gland enlargement and severe enamel and dentin erosions are prevalent (19) . The high frequency of dentin hypersensitivity is an indication that dental treatment is essential for patients with bulimia nervosa.
The correlation between bulimia nervosa and oral pathologies is not fully understood due to inconsistencies in incidence rates among patients with bulimia nervosa (34) . Dental erosion may be correlated with the number of years of induced vomiting (34, 48) ; however, vomiting frequency, time period between binge eating and vomiting, and postvomiting hygiene practices must also be considered (34) . Erosion generally occurs after six months of vomiting behaviour, and severity of the erosion increases with time (34), although it is highly variable among patients (19) . In summary, it is believed that dental problems are related to three factors: the effects of frequent and prolonged vomiting, disturbed eating behaviour, and intraoral effects related to the wasting and dehydration status of the patient during starvation (19) . Oral hygiene, cariogenicity of the diet, malnutrition, genetic predisposition, fluoride exposure during the tooth-forming years and ingestion of medication that alters saliva flow are all factors that have to be considered in this complex process (3, 49) . To protect teeth from the effects of chronic vomiting, preventive oral hygiene is highly recommended (34) . Some authors suggest immediately brushing one's teeth after vomiting (42); in contrast, Knewitz and Drisko (50) have reported that brushing one's teeth may accelerate erosion by burnishing acid into the enamel. Neutralization of the oral cavity by rinsing with a neutral solution has been proposed by Gross and co-workers (51) . Tap water rinsing immediately after vomiting may dilute the saliva too much, thereby affecting its buffering capacity and enhancing enamel erosion (34) . Patients should be educated on the oral pathological changes that may result from bulimia nervosa and appropriate hygienic measures.
SWALLOWING

Dysphagia:
Dysphagia and/or odynophagia may develop in patients with bulimia nervosa, especially if esophageal strictures are present (52). Birmingham et al (52) reported the first mechanical dysphagia case in a 40-year-old Caucasian female. Large bolus-sized foods became lodged under the patient's xiphisternum. Bulimia nervosa was believed to be the causative factor. The authors suggest that mechanical dysphagia may be overlooked as an underlying disorder of bulimia nervosa (52) . Salivary capacity: Saliva provides lubrication properties and is essential for food mixing, bolus formation and the initial phase of swallowing (53, 54) . Roberts et al (3) did not find any significant differences between patients with bulimia nervosa and controls in the salivary flow rates and fluid secretory capacity, for either the stimulated or unstimulated parotid and submandibular glands. Oral dryness, indicative of patients with bulimia nervosa, may be related to surface mucosal alterations and a change in ability to perceive moisture adequately (3). Gag reflexes: Pharyngeal and velar gag reflexes may be impaired in patients with bulimia nervosa. Roberts et al (3) reported that the pharyngeal gag reflex was absent in nine of 13 bulimic patients, and a velar gag reflex was elicited in only one of the 13. Results of a cranial nerve-based oral-motor ex-amination revealed that the bulimic patients could not elicit a pharyngeal or velar gag reflex regardless of stimulation, with the exception of the most powerful self-inflicted tactile pharyngeal stimulation (3). This was believed to be a learned response and a form of desensitization from years of gastric purging. Frequent contact with the acidic contents of the stomach or the physical attempts to induce regurgitation are believed to have caused the highly vascularized area of the velum, typical of bulimic patients (3). Swallowing abnormalities: Increased duration of dry swallow and abnormal oropharyngeal swallow patterns are found in subjects with bulimia nervosa (3). Oropharyngeal swallow patterns are classified into two types, A and B. Pattern A is characterized by contractile activity of the oropharynx after the bolus has been totally cleared from the pharynx and is in the esophagus. The contractions begin from the caudal end of the pharynx, the region shared by bands of muscle of the upper esophageal sphincter. These contractions move upward in a jerky, spasmodic motion, reaching the larynx, epiglottis, tongue base and the velum. The velum and the tongue do not move in synchrony. The velum elevates and contracts before lingual motion (3). Normally food passes from the oral cavity into the pharynx, the tongue moves posteriorly before and during velar elevation to close off the nasal passages, and the bolus passes over the base of the tongue and epiglottis into the lower portion of the pharynx. The contractions of pattern A may function to prepare an individual for volitional purging.
Pattern B is characterized by abnormalities in the flow and transport of the bolus from the upper pharynx through the lower pharyngeal segment, which lies above the upper esophageal sphincter. A delay in the movement of the bolus occurs as a result of deficient tongue control, and residue is left in the pharynx after swallowing. Pharyngeal wall residue and pooling of the bolus in the valleculae are observed (3) . The bolus appears to drop over the base of the tongue into the pharynx and remain stationary for several centiseconds; only when the reflexive swallow is initiated does it continue to move through the pharynx. The tongue is flattened anteriorly and displaced inferiorly at its base to allow the bolus to drop into the upper pharynx and pool in the valleculae. The tongue does not move with sufficient force to generate a change in pressure within the oral cavity and therefore a delay in swallowing results. Normally the tongue causes the bolus to be propelled over its base. The combination of pattern A and B causes a disrupted and asynchronous swallowing pattern characteristic of patients with bulimia nervosa. (55) examined the upper gastrointestinal mucosa in 37 patients with bulimia nervosa (55) . These authors reported that 23 patients had normal esophageal and gastric mucosa. Eight others had mild esophagitis. The duration or severity of bulimic behaviours did not directly influence the symptoms of gastroesophageal reflux. Sliding hiatal hernias were found in two of the eight patients. Superficial mucosal erythema in the stomach or duodenum were found in six patients; esophageal erosions, ulcers or bleeding was not evident. Frequent retrosternal burning and acid regurgitation was found in three of the eight with mild esophagitis. The authors concluded that mucosal injury, esophageal perforation and gastric rupture resulting from chronic, self-induced vomiting in patients with bulimia nervosa were independent of disease history and appeared to be relatively infrequent (55) .
ESOPHAGUS Esophageal disorders: Esophageal disorders have not been commonly associated with bulimia nervosa (52). Kiss et al
In contrast, Birmingham et al (52) reported that the presence of highly acidic gastric contents on the esophagus can result in esophagitis, and that esophageal regurgitation and delayed stripping motion within the esophagus are found in the majority of those with bulimia nervosa. The regurgitation occurs with all consistencies of bolus material, from thin liquid to pure solid barium paste (3). Boerhaave's syndrome (rupture of the esophagus) can occur following consumption of large amounts of food and subsequent vomiting (52). Cuellar and Van Thiel (1) suggested that esophagitis, esophageal erosions, ulcers and bleeding occur frequently in patients who practise recurrent self-induced vomiting. They also concluded that the esophageal lesions result from the frequent contact of acid present in gastric secretions regurgitated into the esophagus. Cuellar et al (56) reported that five of 11 patients with bulimia nervosa had clinically important upper gastrointestinal pathology including ulcerative esophagitis, erosive gastritis, duodenal ulcer and delayed gastric emptying. They suggested that gastrointestinal disease must be specifically diagnosed and treated independently of the psychiatric treatment for patients with bulimia nervosa (56) . Lower esophageal sphincter: Altered function of the lower esophageal sphincter, apparent in patients with bulimia nervosa, also appears to be a result of induced vomiting. Initially patients may need to provoke the gag reflex using their fingers or another object (5). However, in advanced stages of bulimia, physical means may not be necessary. Reflux of gastric contents into the lower esophagus may cause relaxation of the lower esophageal sphincter (52); loss of sphincter control may be sufficient to induce vomiting (57), which could have serious consequences if a patient falls asleep with a full stomach and aspirates his or her vomit. Patients with bulimia nervosa may also learn to induce vomiting by simply contracting their abdominal muscles (5).
STOMACH
In the stomach, ingested food is mixed with hydrochloric acid and is hydrolyzed into smaller particles. The factors controlling stomach movement are myogenic, neural or chemical. It has been well established that stomach contractions increase when there is an increase in vagal activity or gastrin and motilin levels, and that contractions decrease when gastric secretions occur. When the stomach is distended, peristalsis and gastric emptying take place and digestion proceeds (58) . The stomach capacity and emptying times are modified in patients with bulimia nervosa by unknown mechanisms.
Stomach capacity: It has been hypothesized that a large stomach capacity is a contributing factor in bulimia nervosa because a larger volume of food is required to stimulate the satiety response, which leads to further bingeing and perpetuation of the syndrome. Using balloon volume to study the gastric capacity of nine patients with bulimia nervosa and nine controls, Geliebter et al (59) found that those with bulimia had a significantly larger stomach capacity. Two reasons have been suggested for this: first, binge eating may permanently expand the stomach to accommodate the excess food intake; or, second, the stomach is initially larger than average in bulimic patients, and binge eating develops from a need to ingest more food to trigger satiety mechanisms (59) . If the former hypothesis is correct, the enlarged state may be temporary, and the cessation of bingeing would allow the stomach capacity to return to normal. Follow-up studies of recovered patients are necessary. Gastric emptying: Emptying of the stomach contents into the small intestine occurs at varying rates, depending on the type and amount of food eaten (58) . Previous studies have shown that patients with anorexia nervosa have delayed gastric emptying (60) . Data obtained by measuring gastric emptying following the ingestion of radiolabelled liquid and solid meals did not reveal delayed emptying in bulimic patients (60) . There is also no evidence to support the theory that an increase in the gastric emptying rate causes bulimia nervosa due to a lack of satiety response (60, 61) .
More recent studies have shown alterations in the rate of gastric emptying, findings that may be due to more sensitive measurement techniques. Geliebter et al (59) used a gamma camera to measure the rate of emptying of a radiolabelled liquid meal into the small intestine. In the first 5 to 15 mins after consumption a significant decrease in emptying rate was measured, but the rate normalized after 30 mins. The authors suggested a correlation between large stomach volume and the initial decrease in emptying (59) . If the stomach capacity is larger, a lower increase in intragastric pressure will occur and, therefore, a smaller contraction will occur. Kiss et al (62) also found a decrease in gastric emptying rate in bulimic patients, as well as lower amplitude of antral contractions. Overall, it is believed that gastric emptying in bulimic patients is different from that in healthy controls, and that results depend on the amount of food ingested and stomach size. Calories absorbed during vomiting: Approximately 90% of bulimia nervosa patients engage in vomiting to purge excess calories consumed during binges (63) . Despite the frequent use of this method, bulimic patients usually do not lose weight and commonly are slightly overweight (1). Compared with laxative abuse, vomiting is more effective in keeping weight under control, but does not result in weight loss (64) . There have been suggestions that bulimic patients require less energy when they are not binge eating (65) . One theory is that vomiting may rid the body of excess calories and lead to a decrease in metabolism. If the patient discontinues purging, he or she may become obese (66) . A second theory is that vomiting is an ineffective method of calorie reduction. Metabolism increases during the period of consumption, but once the binge is completed, hypometabolism results due to the drastic decrease in caloric intake (66) . Kaye et al (66) measured the caloric content of vomitus of 17 bulimic patients during a single binge-purge episode to determine how many calories were absorbed during that binge. The average number of calories consumed in the binges was 2131 kCal, while the average number of calories in the vomitus was 979 kCal. As the size of the binge increased, the volume of vomitus increased. Despite differences in caloric consumption, the number of calories retained remained constant at approximately 1200 kCal. Those who consumed less than 2110 kCal retained an average of 1128 kCal, and those who consumed more than 2626 kCal retained an average of 1209 kCal. Vomiting appears to rid the body of excess calories, especially after a large binge. It does not promote significant weight loss, but rather, appears to prevent weight gain.The reason for the 1200 kCal maximum for retention is unknown. Gastric abnormalities: Isolated cases of gastric dilation, spontaneous rupture of the stomach and gastric necrosis have also been reported in patients with bulimia nervosa. Gastric dilation or distension of the stomach is usually accompanied by pain and discomfort (67) . In 1982, a 21-year-old college student was admitted into the emergency department with extreme gastric dilation following a large binge (67) . The situation resolved when the patient was eventually able to regurgitate the stomach contents. A 30-year-old woman ingested a large volume of food and made several unsuccessful attempts to regurgitate (68) . Sodium bicarbonate was ingested but did not initiate vomiting. The patient decided to seek medical aid. Upon opening the patient's abdominal cavity, three basinfuls of food were removed as a result of stomach rupture. After an aggressive treatment program the woman recovered, but suffered permanent damage to the stomach (68) . In a third case, an extremely ill 17-year-old female was admitted to hospital with abdominal distension (69) . The abdominal cavity was full of undigested food. The stomach was gangrenous and subsequently removed, but the patient later died of medical complications. Similarly, a 23-year-old female died from complications of abdominal distension and rupture (70) . Gastric necrosis and rupture can be fatal or have severe side effects. Only a few case studies have reported an association between gastric abnormalities and bulimia nervosa. With increasing chronicity of bulimia, there is a greater risk of gastric symptoms. Stomach rupture appears to occur because of a rise in the intragastric pressure due to the very large volume of ingested food. Pancreas: The pancreas secretes endocrine hormones, sodium bicarbonate and pancreatic enzymes in response to food intake. Two cases have been reported where patients with bulimia nervosa were admitted to hospital with pancreatic abnormalities. The attending physicians assumed that the patients had pancreatic carcinomas because the clinical features supported this diagnosis (71) . A computed tomographic scan showed enlargement of the pancreas in both patients. It was later discovered that the diagnosis of bulimia nervosa had been missed in both cases and that acute pancreatitis likely resulted from a large binge followed by several days of fasting, or that misuse of laxatives or diuretics may have caused druginduced pancreatitis (71) . These cases illustrate that bulimia is difficult to detect.
BOWELS Small intestine:
In the small intestine the products of digestion are absorbed into the blood and lymph systems. The contents of the small intestine are propelled forward and mixed by segmenting contractions and peristalsis, and the villi and microvilli facilitate nutrient absorption. If any of these processes is disrupted, malabsorption will occur. Behaviours associated with bulimia nervosa, particularly laxative abuse, affect the small intestine. Laxative abuse: Severe stress is imposed on the small and large intestines by excessive laxative use. A review by Mitchell and Boutacoff (72) reported that 38% to 75% of bulimic patients abuse laxatives. Although there are five types of laxatives, the stimulant type is most frequently used (72) . Both anthraquinones and phenolphthalein are taken by some bulimic patients in quantities that far exceed the manufacturer's recommended dosage. Stimulants are chosen because they are a fast-acting and reliable way to produce watery diarrhea (72) .
There is a common belief among bulimic patients that laxatives will rid the body of a meal before it can be digested and therefore prevent weight gain. A 1983 study tested the effectiveness of stimulant-type laxatives in weight reduction by comparing the absorption of calories in control subjects with that in individuals with bulimia nervosa (73) ; it became evident that laxatives had a very minor effect on energy absorption. This was true even when the abuse was long term. A second study also determined that although high doses of laxatives were taken (up to 40 pills/day), they were ineffective in preventing the body from retaining calories (64) . The perception of weight loss by bulimia nervosa patients can be attributed to dehydration (72, 73) .
Even though laxatives do not aid in weight loss, their use is widespread. Initial side effects of laxative abuse include constipation and hypofunctioning of the bowel (74) . With time, the body is unable to sense the need for bowel movements. Painful constipation may not resolve for several weeks after laxative withdrawal (72) , and it is important for the bulimic individual to be weaned off laxatives to avoid this effect.
Damage to the surface epithelium of the colonocytes also results from chronic laxative use (75, 76) . Comparison studies of the colonocytes of patients who abuse laxatives versus control subjects have shown chronic laxative use results in changes in shape and rarefaction of microvilli, as well as mitochondrial damage (76) . Damage to epithelial cells may lead to nutrient malabsorption. A study by Bo-Linn and coworkers (73) revealed that a decrease in nutrient absorption occurs when laxatives are used, but the decrease was not linked to damaged mucosal cells.
Extensive laxative use may result in anemia due to loss of blood in the stool (72) . Steatorrhea has also been reported in patients who abuse stimulant and osmotic laxatives (77) , which may lead to deficiencies of the fat-soluble vitamins. Extreme stimulant-type laxative abuse over years can lead to permanent impairment of colonic functioning known as cathartic colon (72) . Symptoms include constipation, bloating and abdominal pain. Loss of haustral markings and mucosal cell atrophy are also seen in cathartic colon, changes similar to those caused by ulcerative colitis (78) . Evidence of chronic inflammation in the colon due to laxative abuse has been noted (78) . The effects of laxative abuse on nutrient absorption are also similar to changes seen in ulcerative colitis patients: diarrhea, steatorrhea and general malabsorption of nutrients (72) . It is speculated that changes to the colon are permanent and that the patient will never regain normal bowel function (72) . The formulations for stimulant laxatives have recently been modified (the more recently formulated laxatives may be less harmful), and Muller-Lissner (76) suggests that the cases of cathartic colon reported in the literature have been caused by old formulations. Rectum: Bulimia nervosa has not been shown to cause any direct effects on the rectum. The repeated cycle of bingeing and purging may result in reduced functioning due to lack of stimulation. Orocecal transit time: Differences in the total transit time of food from the oral cavity to the anus have been noted. Lautenbacher et al (79) measured the orocecal transit time in bulimia patients. The hydrogen breath test was used to measure lactulose breakdown. The total transit time was prolonged in bulimic patients, and it was inferred that digestion and absorption time also increased (79) . Increased transit time may allow an increased number of calories to be absorbed because the gut microflora have more time to act on the food. Because only total transit time was measured, it is not known whether the increased time is due to slower gastric passage, reduced rate of intestinal flow or a combination of both.
CONCLUSIONS
The physiological effects of bulimia nervosa on the gastrointestinal tract are numerous and severe. The gastrointestinal tract undergoes tremendous insult from the effects of acute intakes of large amounts of food and the subsequent purging behaviours. Alterations in the gastrointestinal tract that occur may be interdependent on other factors, and some changes are irreversible. Individuals with bulimia nervosa can suffer from serious medical complications that may become fatal. Severity of symptoms depend on the duration and frequency of bingeing and purging, and therefore each case of bulimia nervosa is unique. External symptoms, such as parotid gland hypertrophy and dental erosions, should alert health care professionals to the possibility that an eating disorder may be present. Because the prevalence of bulimia nervosa is increasing in both sexes, early diagnosis and treatment are extremely important to ensure a favourable prognosis.
Future research to investigate the relationship between the severity and duration of bulimia nervosa and gastrointes-tinal disorders is necessary. Some of the syndromes may be irreversible and the risk of such occurrences needs to be established. Also, each compensatory behaviour results in a different subset of symptoms. Identification of early warning signs of excessive vomiting, laxative and diuretic abuse, prolonged fasting and excessive exercise would also be beneficial in the early detection of bulimia nervosa.
